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© Apparatus and method for gray scale display. 

<\|® Disclosed is a system selecting one out of a 
^plurality of gray scaie signals for each color informa- 
tion in display information including color information 
<^of a plurality of colors for providing monochromatic 
rNgray scale signals at multiple levels corresponding to 
p-the display information, or, when multiple colors are 
^produced by combining a plurality of colors, select- 
or ing one out of a plurality of gray scales for each 
0 color corresponding to gray scales of the multiple 
colors, to thereby attain a multi-level monochromatic 
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APPARATUS AND METHOD FOR GRAY SCALE DISPLAY 



BACRGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to gray scale 
displaying capable of a display according to a 
plurality of luminance data and more particularly 
relates to an apparatus and a method for a gray 
scale display capable of displaying color informa- 
tion in accordance with luminance data correspond- 
ing to the color information. 



Description of the Prior Art 

Recently, miniaturization of office automation 
equipment has come to be extensively developed 
keeping pace with the advance of the large scale 
integrated circuit technology and portable personal 
computers and the like are steadily extending their 
market. The chief factor in development of portable 
equipment is improvements in the display appara- 
tus. Namely, the technologies for fiat display de- 
vices such as liquid crystal, plasma, and EL 
(electro-luminescent) displays superseding the con- 
ventional CRT (cathode ray tube) are becoming 
important. The technology for gray scale display 
for emulating color display information with mon- 
ochromatic picture, in particular, is useful in the 
sense that existing software can be kept in use. As 
disclosed, for example, in Japanese Laid-open Pat- 
ent Publication No. 58-57192. the liquid crystal 
display (hereinafter to be briefly referred to as 
"LCD") is enabled to make a half-tone display by 
being controlled such that displaying statuses and 
non-displaying statuses therein are switched at in- 
tervals of a certain frame cycles. Below will be 
described such a gray scale display with reference 
to FIG. 2. 

FIG. 2A is a block diagram of a display circuit 
in a personal computer showing a prior art exam- 
ple. Referring to the figure, reference numeral 1 
denotes a central processing unit (hereinafter to be 
briefly referred to as "MPU"), 2 denotes an ad- 
dress bus. 3 denotes a data bus, 4 denotes an LCD 
timing controller (hereinafter to be briefly referred 
to as "LCTC"), 5 denotes a frame line marker 
signal (hereinafter to be briefly referred to as "FLM 
signal"), 6 denotes a selector, 7 denotes a com- 
pound bus, and 8 - 10 denote display memories R, 
G, and B, respectively. Further, 11-13 denote 
paralell-to-serial converters (each block thereof in 
the drawing is briefly labeled "P— S"), 14-16 de- 
note display signal lines R, G. and B, respectively, 



17 denotes a gray scale signal generator, 18 de- 
notes a gray scale controller, 19 denotes a video 
signal line, 20 denotes a display data decoder, and 
21 denotes a liquid crystal display (hereinafter to 
5 be briefly referred to as "LCD"). Operation of the 
circuit of FIG. 2 will be described below. 

When the MPU 1 accesses the display memo- 
ries 8-10, the selector 6 selects the address bus 
2. Thereby, the MPU 1 is enabled to update or 
w read the contents of the display memories 8-10. 
When the contents of the display memories 8-10 
are to be displayed on the LCD 21, the selector 6 
selects display address information which is output 
from the LCTC 4. Accordingly, the contents of the 
15 display memories 8 - 10 are read out in the se- 
quence of scanning according to the information on 
the compound bus 7 and these are delivered to 
their respective parallel-to-serial converters 11-13. 
The information is thereby converted into R, G, and 
20 B display signals 14 - 16 and supplied to the gray 
scale controller 18 as display information. Mean- 
while, the gray scale signal generator 17 delivers 
eight kinds of gray scale signals (Y0 - Y7) to the 
gray scale controller 18. Of these gray scale sig- 
25 nals, Y0, for exampte, provides the darkest display 
and Y7 provides the brightest display. The gray 
scale controller 18 selects a gray scale signal cor- 
responding to the display information for eight col- 
ors conveyed by the display signals 14-16 and 
30 outputs it to the video signal line 19. Thereby, the 
circuit is enabled to emulate the eight-color display 
with a monochromatic display in eight gray scales. 
The concrete correspondence between colors and 
gray scales are shown in FIG. 2B. The video signal 
35 line 19 including such gray scale display informa- 
tion is converted by the display decoder 20 into 
information that can be displayed on the LCD 21. 
The LCD 21 makes a display according to the 
delivered information, with frame synchronization 
40 taken by the FLM signal 5. What has just been 
described is the outline of the operation of the 
display circuit enabling the LCD to make a display 
of eight gray scales. 

Below will be described detailed operations of 
45 the gray scale signal generator 17 and the gray 
scale controller 18 with which the present invention 
is most concerned. 

FIG. 3 is a time chart of the gray scale signals 
Y0 - Y7 generated by the gray scale signal gener- 
so ator 17. The reference signal is the FLM signal 5 at 
one frame cycle (approximately 70 Hz). Seven 
clocks is used as a gray scale period. For example, 
the display for the signal Y1 is turned ON at the 
rate of 1/7. That is, the display is turned ON during 
one scan out of seven scans of the picture and it is 
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turned OFF during the period of the remaining six 
scans. Thereby, the duty ratio of picture displaying 
is changed and a half tone display can be 
achieved. The signals Y2 - Y6 are the signals that 
also change the duty ratio so that half tone display 
may be achieved similarly. 

Details of the operation of the gray scale con- 
troller 18 w*;! be described below with reference to 
FIG. 4. 

FIG. 4 is a block diagram showing the gray 
scale controller 18. In the figure, circuit blocks and 
signal lines corresponding to those in FIG. 2 are 
denoted by corresponding reference numerals. Re- 
ferring to FIG. 4, reference numeral 22 denotes a 
decoder of a three-bit structure. 23 - 30 denote 
ANO circuits, and 31 denotes an OR circuit. The 
decoder 22 decodes the color information con- 
veyed by the R. G, B display signal lines 14-16 
and turns ON only the AND circuit corresponding 
to that color. For example, if the color information 
is that for the black color, the AND circuit 23 is 
turned ON, or if it is for the .blue color, the AND 
circuit 24 is turned ON, Therefore, the OR circuit 
31 outputs the gray scale signal corresponding to 
the color information to the video signal line 19. 
The description made so far is the operation of the 
gray scale controller 18 converting color informa- 
tion into gray scale information. 

As described above, a gray scale display to 
achieve color emulation can be performed by a 
monochromatic display apparatus if the color dis- 
play circuit is additionally provided with the gray 
scale signal generator 17 and gray scale controller 
18. Thus, implementation of portable office automa- 
tion equipment can be advanced taking over the 
great assets of application software intended for 
color display. 

In the above described prior art, the correspon- 
dence between the color information and the lu- 
minance information was fixed. Therefore, there 
was a problem, when gray scale displaying was 
conducted using some existing application software 
intended to produce color information in which 
characters in "blue" color were frequently used 
with the background in "black" color, the difference 
in the luminance between the color of the char- 
acters and the color of the background became so 
small that the characters were difficult to acknowl- 
edge. Funher, the relationship between the duty 
ratio dependent on the gray scale cycle and the 
luminance differs with the characteristics of the 
LCD used. More particularly, the gray scale signals 
shown in FIG. 3 may be suitable for LCDs manu- 
factured by A Inc., but gray scales, for example, of 
YO - Y3 may be difficult to discriminate in LCDs 
manufactured by B Inc. because of uneven differ- 
ences in luminance between the adjoining gray 
scales. Therefore, when using LCDs manufactured 



by B Inc., it becomes necessary to change the 
timing of gray scale cycles for the gray scale 
signals (YO - Y7) and also change the circuit in the 
gray scale signal generator accordingly so that 
5 suitable luminance differences may be obtained, 
and this was a difficulty in effective product devel- 
opment. 

ro SUMMARY OF THE INVENTION 

An object of the present invention is to solve 
the above described problems and. accordingly, to 
provide an apparatus and a method for gray scale 
is displaying in which multiple gray scales for lu- 
minance for any color information are provided and 
one out of which is made selectable at will. 

Another object of the present invention is to 
provide a monochromatic emulation system ca- 
20 pable of converting the color information provided 
with such gray scales into corresponding monoch- 
romatic gray scale information. 

A further object of the present invention is to. 
provide an apparatus and a method for gray scale 
25 displaying adapted to be favorably compatible with 
application software intended for color displaying. 

A still further object of the present invention is 
to provide an apparatus and a method for gray 
scale displaying suitable for use in display devices 
30 whose relationships between the duty ratio in dis- 
playing and luminance information are different 
from one another. 

To achieve the above enumerated objects, the 
present invention, in a display system capable of 
35 producing multiple colors by combining a plurality 
of colors, stores display information including color 
information of the above described combined color, 
generates gray scale signals for each of the above 
described plurality of colors as a plurality of gray 
40 scale signals, selects one out of the gray scale 
signals for each of the colors in accordance with 
the color information of each combined color in the 
display information, and displays, according to the 
display information, the gray scale for the color 
45 information of each combined color. Further, the 
present invention generates a plurality of gray 
scale signals for a predetermined color correspond- 
ing to a color represented by some color informa- 
tion and selects one out of the gray scale signals 
so corresponding to the color information in the dis- 
■ play information to thereby perform monochromatic 
emulation. 

Another gray scale displaying apparatus ac- 
cording to the present invention stores information 
55 for turning ON/OFF the display means during each 
frame cycle within one cycle, which has been 
formed of a plurality of frames, corresponding to 
each color represented by the color information, 
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generates gray scales by updating or reading the 
stored contents for each frame, and, in response to 
the display information, selects and displays the 
output of the gray scales corresponding to the 
display information 

According to the present invention, it is made 
possible for the user, to optionally select any gray 
scale signal out of a plurality of gray scale signals 
that are previously prepared by a gray scale selec- 
tor or a gray scale selectable generator thereof and 
apply the selected gray scale signal to each color. 

Therefore, when the gray scale display appara- 
tus is compatibly used for color application soft- 
ware, the user is enabled to connect the color to 
the gray scale in any desired relationship. When 
using display means of different characteristics, the 
gray scale signal suitable for the characteristics of 
each specific display means can be selected out of 
gray scale signals whose number is larger than the 
number of colors represented by the display in- 
formation, whereby the variances in the character- 
istics can be coped with. 

The foregoing and other objects, advantages, 
manner of operation and novel features of the 
present invention will be understood from the fol- 
lowing detailed description when read in connec- 
tion with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a display circuit 
showing an embodiment of the present invention; 

FIG. 2A is a block diagram showing a prior 
art example; 

FIG. 2B is an explanatory drawing showing 
correspondence between colors and gray scale 
signals; 

FIG. 3 is a time chart for gray scale signals; 
FIG. 4 is a detailed drawing of a gray scale 
controller; 

FIG. 5 is a detailed drawing of a gray scale 
selector in FIG. 1 ; 

FIG. 6A is a detailed drawing of a gray scale 
select circuit in FIG. 5; 

FIG. 6B is an explanatory drawing of gray 
scale select information; 

FIG. 7A is a block diagram showing a sec- 
ond embodiment; 

FIG. 7B is an explanatory drawing showing 
correspondence between display signals of a POP 
and gray scale displays; 

FIG. 8 is a detailed drawing of a gray scale 
selector in FIG. 7A; 

FIG. 9A is a detailed drawing of a gray scale 
select circuit in FIG. 8: 

FIG. 9B is an explanatory drawing of gray 
scale select information; 



FIG. 10 is a time chart of gray scale signals 
in a third embodiment; 

FIG. 11 is a detailed drawing of a gray scale 
select circuit; 

5 FIG. 12 is a detailed drawing of a gray scale 

controller in FIG. 11; 

FIG. 13 is a block diagram showing a fourth 
embodiment; 

FIG. 14 is a detailed drawing of a gray scale 
70 selector in FIG. 13; and 

FIG. 15 and FIG. 16 are flow charts showing 
examples of use of the present invention. 



/s DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will be 
described below with reference to FIG. 1 . 
20 FIG. 1 is a block diagram showing a personal 

computer display circuit to which the present in- 
vention is applied. In this figure, circuit blocks and 
signals corresponding to those in FIG. 2 are de- 
noted by corresponding reference numerals. Refer- 
25 ring to FIG. 1 , reference numeral 32 denotes a gray 
scale selector, 33 denotes a gray scale signal line, 
and 34 denotes a selected gray scale signal line. 
The gray scale selector 32 receives gray scale 
select information through an address bus 2 and a 
30 data bus 3, and the same selects information on 
the gray scale signal line 33 and delivers the 
selected signal to a gray scale controller 18 
through the selected gray scale signal line 34. The 
gray scale controller 18 receives color display in- 
35 formation stored in display memories 8-10 
through parallel-to-serial converters 11 - 13, and 
the same selects the gray scale information on the 
selected gray scale signal line 34 corresponding to 
the above color display information and outputs the 
4o selected information to a gray scale display signal 
line 19. Further, a display information decoder gen- 
erates visible information and thereby gray scale 
display is made on an LCD 21. Thus, only by 
setting up information in the gray scale selector 32, 
45 the correspondence between the color for color 
display and the luminance for gray scale display 
can be controlled at will. 

The gray scale selector 32 as the principal 
portion of the present invention will be described 
so below in detail with reference to FIG. 5. 

FIG. 5 is a block diagram showing details of 
the gray scale selector 32. In the figure, circuit 
blocks and signal lines having corresponding func- 
tion to that of those in FIG. 1 are denoted by 
55 corresponding reference numerals. Referring to 
FIG. 5, reference numeral 35 denotes a decoder, 
36 denotes a decoded output signal, 37 denotes a 
gray scale select circuit, and 38 denotes a selected 
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gray scale signal line. The decoder 35 decodes 
information on the address bus 2 and outputs the 
decoded signals to eight gray scale select circuits 
provided for each of the colors. Since, for example, 
the selected gray scale signal line 38 delivers the 
gray scale information corresponding to "black", 
the decoded output signal line 36 is assigned to 
the address for establishing the gray scale informa- 
tion corresponding to "black". Further, the gray 
scale select circuit 37 is adapted to select the 
information corresponding to "black" out of the 
information on the gray scale signal line 33 and 
outputs it to the selected gray scale signal line 38. 
The circuit blocks in FIG. 5 drawn below the gray 
scale select circuit 37 in succession are gray scale 
select circuits for blue, green, sky blue, red, purple, 
yellow, and white. 

The gray scale select circuit 37 will be de- 
scribed below with reference to FIG. 6A. 

FIG. 6A is a drawing showing details of the 
gray scale select circuit 37. In the figure, circuit 
blocks and signal lines having corresponding func- 
tion to that of those in FIG. 5 are denoted by 
corresponding reference numerals. Referring to 
FIG. 6A. 39 denotes a three-bit latch circuit and 
retains information of D2 -DO delivered from the 
data bus 3 at the timing given by the decoded 
signal line 36. This information is delivered to the 
gray scale controller 18 equivalent to that shown in 
FIG. 4, wherein one of the gray scale signals Y0 - 
Y7 on the gray scale signal line 33 is selected and 
delivered to the selected gray scale signal line 38. 
The correspondence for black color between the 
values in the latch circuit 39 and gray scales in the 
gray scale controller 18 within the gray scale select 
circuit 37 is shown in FIG. 6B. As apparent from 
this figure, the gray scale allotted to black color 
can be optionally selected from Y0 - Y7 according 
to the value input\ to the latch 39. Similarly, a 
suitable gray scale to other color can be freely 
selected out of Y0 - Y7. 

Therefore, while the correspondence between 
colors and gray scales was fixed as shown in FIG. 
2B when a color application software was executed 
in the prior art personal computer with a monoch- 
romatic display, a suitable correspondence be- 
tween colors and gray scates according to the 
coloring employed in the application software can 
be selected in the present embodiment. More par- 
ticularly, while black color is always assigned the 
darkest gray scale Y0 according to FIG. 2B in the 
prior art, an optional one can be selected from Y0 - 
Y7 in the present embodiment. Hence, whatever 
coloring is made, the most suitable color emulation 
can be achieved.. 

The present invention is not limited to the 
above described example. As one of other exam- 
pies, the case where the invention is applied to a 



, plasma display apparatus (hereinafter to be briefly 
referred to as "PDP") will be described below as a 
second embodiment. 

Since the POP has a higher response speed 
5 than the LCD, when it is used at the timing of the 
gray scale signal -Y1 shown in FIG. 3, its flickering 
becomes conspicuous and it is not practically us- 
able. Therefore, to attain eight gray scales, a PDP 
capable of displaying four gray scales is used. 
w Then, it becomes necessary to display half tone by 
switching two gray scales of different luminance at 
intervals of one picture scan. The case where the 
present invention is applied to the above described 
manner of operation will be described below with 
is reference to FIG. 7A showing such an arrangement. 
FIG. 7A a block diagram showing a display 
circuit using a PDP. In the figure, circuit blocks and 
signal lines having corresponding function to that of 
those in FIG. 1 are denoted by corresponding 
20 reference numerals. Referring to the figure, refer- 
ence numeral 40 denotes a gray scale selectable 
generator, 41 and 47 denote selected gray scale 
signal lines, 42 denotes a gray scale controller, 43 
and 44 denote gray scale display signal lines (POO 
25 and PD1), 45 denotes a display data decoder, and 
46 denotes a PDP capable of displaying four gray 
scales (for example. Matsushita-made 
MD400F640PD4). The gray scale controller 42 con- 
verts the information on the display signal lines 14 
30 - 16 into gray scale information according to in- 
formation on the selected gray scale signal lines 41 
and 47 output from the gray scale selectable gen- 
erator 40. The gray scale information is of a two-bit 
amount because it is for displaying four gray 
35 scales and it is transmitted through gray scale 
display signal lines 43 and 44. Representing the 
information on the gray scale signal line 43 by PDO 
and that on the signal line 44 by PD1, relationships 
between these and gray scale displays are shown 
40 in FIG. 7B. The information is converted into visible 
information in the display data decoder 45 and 
displayed on the PDP 46. 

Below will be described details of the gray 
scale selectable generator 40 as the principal por- 
45 tion of the present invention. 

FIG. 8 is a drawing showing details of the gray 
scale selectable generator 40. in the figure, circuit 
blocks and signal lines having corresponding func- 
tion to that of those in FIG. 7A are denoted by 
so corresponding reference numerals. Referring to the 
figure, reference numeral 48 denotes a decoder, 49 
denotes a decoded signal line for establishing the 
gray scale for "black", 50 denotes a gray scale 
select circuit 50 for "black", 51 and 52 denote 
55 selected gray scale signal lines for PDO and PD1. 
respectively, 53 denotes a frame switching signal 
for discriminating and switching between an odd 
frame and an even frame. The decoder 48 decodes 
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information on the address bus 2 and outputs the 
decoded signals to the eight gray scale select 
circuits. Since, for example, the selected gray scale 
signal lines 51 and 52 deliver the gray scale in- 
formation corresponding to "black", the decoded 
output signal line 49 is assigned to the address for 
establishing the gray scale information correspond- 
ing to "black" The gray scale information for 
"black" is constituted of one portion of the gray 
scale information displayed on an even numbered 
frame and the other portion of the gray scale 
information displayed on an odd numbered frame. 
These portions are switched at intervals of one 
frame with the use of the frame switching signal 53 
provided by dividing the frequency of the FLM 
signal 5 by two and output to the selected gray 
scale signal lines 51 and 52. Referring to FIG. 8, 
the circuit blocks drawn below the gray scale se- 
lect circuit 50 in succession are gray scale select 
circuits for blue, green, sky blue. red. purple, yel- 
low, and white. The selected gray scale signal line 
41 conveys PDO information, while the signal line 
47 conveys PD1 information, out of the gray scale 
information for eight colors. 

The gray scale select circuit 50 will be de- 
scribed below with reference to FIG. 9 A. 

FIG. 9A is a drawing showing details of the 
gray scale select circuit 50, in which circuit blocks 
and signal lines having corresponding function to 
that of those in FIG. 8 are denoted by correspond- 
ing reference numerals. Referring to FIG. 9A, refer- 
ence numeral 54 denotes a four-bit latch circuit and 
55 denotes a double-set selector. The latch circuit 
54 retains information D3 - DO received from the 
data bus 3 at the timing given by the decoded 
signal line 49. The retained information is delivered 
to the selector 55. The selector 55, when the frame 
switching signal 53 indicates an odd frame, selects 
the information on Q0 and Q2 as shown in FIG. 9A 
and delivers it to the selected gray scale signal 
lines 51 and 52, respectively. When, conversely, 
the frame switching signal 53 indicates an even 
frame, information on Q1 and Q2 is selected. The 
correspondence between the gray scale informa- 
tion corresponding to "black" and the information 
set up in the latch circuit 54 is shown in FIG. 9B. In 
short, by setting up the information according to 
FIG. 9B. the gray scale information corresponding 
to "black" can be selected at will. Similarly, gray 
scale information corresponding to other colors 
than black color can be produced by setting up 
information in each gray scale select circuit. 

As understood from the description given 
above, the present invention can be easily em- 
bodied for gray scale displaying where such a 
display having a high response speed as a PDP is 
used. Therefore, the same effects as obtained in 
the first embodiment can be obtained from this 



embodiment. 

Now, a third embodiment of the present inven- 
tion will be described using FiG. 1 again. While the 
basic operation is the same as that in' the first 

s embodiment operations in the gray scale signal 
generator 17 and the gray scale selector 32 are 
different. Therefore, these operations will be de- 
scribed below. 

FIG. 10 is a time chart of the gray scale signal 

jo line 33 output from the gray scale signal generator 
17. The gray scale signal generator 17 uses a nine- 
clock period of the FLM signal as the gray scale 
cycle to thereby generate 10 kinds of gray scales. 
These gray scale signals can be easily obtained by 

75 a simple circuit combination including a mod-9 
counter. Thus, the gray scale selector 32 selects 
eight kinds of gray scale signals suitable for the 
display on the LCD 21 out of the 10 kinds of gray 
scales. 

20 Below will be described details of the gray 

scale selector 32. 

The basic structure of the gray scale selector 
32 is the same as that of FIG. 5. But, the structure 
of the gray scale select circuit 37 is different, and 
25 therefore, description of it will be given below refer- 
ring to FIG. 11. 

FIG. 11 is a detailed drawing showing the gray 
scale select circuit 37 for selecting one out of 10 
kinds of gray scale signals. In the figure, circuit 
30 blocks and signal lines having corresponding func- 
tion to that of those in FIG. 5 are denoted by 
corresponding reference numerals. Referring to 
FIG. 11, reference numeral 56 denotes a four-bit 
latch circuit and 57 denotes a multiple gray scale 
35 controller. The latch circuit 56 retains gray scale 
select information formed of four bits and delivers it 
to the multiple gray scale controller 57. The mul- 
tiple gray scale controller 57 selects one of the 10 
kinds of gray scale signals and outputs it to the 
40 selected gray scale signal line 38. 

Details of the multiple gray scale controller 57 
will now be described. 

FIG. 12 is a drawing showing details of the 
multiple gray scale controller 57. In the figure, 
45 circuit blocks and signal lines having corresponding 
function to that of those in FIG. 11 are denoted by 
corresponding reference numerals. Referring to 
FIG. 12. reference numeral 58 denotes a four-bit 
decoder. 59 denotes an AND circuit, and 60 de- 
so notes an OR circuit having 10 inputs. The decoder 
58 decodes gray scale select information and out- 
puts a decoded signal corresponding to the se- 
lected gray scale signal to the AND circuit 59. 
Thereupon, one of the 10 kinds of gray scale 
55 signals is selected by means of the ten AND cir- 
cuits 58 and one OR circuit 60 and the selected 
signal is outputs to the selected gray scale signal 
line 38. In the described manner, the multiple gray 
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scale controller 57 can select the information of the 
gray scale signal lines 33 at will. Therefore, it can 
select the gray scale signal corresponding to each 
of eight colors from the ten kinds of gray scale 
signals. 

In short, in a display circuit arranged for eight- 
gray scale display, eight gray scales are selected 
out of ten gray scales, according to characteristics 
of the LCD used. For example, when employing the 
LCD of A Inc. make, the best gray scale display 
can be achieved by using the gray scale signals 
Y0, Y3 - Y9 shown in FIG. 10. Meanwhile, in the 
case of the LCO of B Inc. make, the best gray 
scale display can be achieved by using the gray 
scale signal Y0 - Y6. Y9. 

As described above, the present embodiment 
makes it possible to obtain the best gray scale 
display without the need for a change in the hard- 
ware but just by a change in the arrangement of 
the software according to the characteristics of the 
LCD used. Since, in particular, characteristics of 
LCDs change with the improvement in the quality 
of display, man-hours for development of hardware 
for display apparatuses using LCO can be reduced 
substantially. 

The present invention is not limited to the 
above described embodiment, that is, the selec- 
table number of gray scales may be made larger 
than ten/ By increasing the degree of freedom in 
the gray scale select means, a wider variety of 
characteristics of the LCDs can be coped with. 
Then, the gray scale pattern of the gray scale 
signal shown in FIG. 1 0 as it is may be stored in a 
storage device (RAM or ROM) so that the gray 
scale signals are generated thereby. This system 
may be described below as a fourth embodiment. 

FIG. 13 is a block diagram showing a portion of 
a display circuit. In the figure, circuit blocks and 
signal lines having corresponding function to that of 
those in FIG. 1 are denoted by corresponding 
reference numerals. Referring to FIG. 13, reference 
numeral 61 denotes a hexadecimal (mod-16) coun- 
ter, 62 denotes a counter output signal line, and 63 
denotes a gray scale selectable generator in the 
present embodiment. The gray scale selectable 
generator 63, by means of the address bus 2 and 
the data bus 3, sets up the gray scale pattern 
information in the internal RAM. The above gray 
scale pattern information is selected according to 
information on the counter output line 62 of the 
hexadecimal counter 61 for the FLM signal 5 and it 
is output to the selected gray scale signal line 34. 
Thus, the gray scale controller 18 is enabled to 
output the gray scale signal corresponding to each 
display color. 

The gray scale selectable generator 63 as the 
central portion of the present embodiment will be 
described below in detail. 



FIG. 14 is a drawing showing details of the 
gray scale selectable generator 63. In the figure, 
circuit blocks and signal lines having corresponding 
function to that of those in FIG. 13 are denoted by 
5 corresponding reference numerals. Referring to 
FIG. 14, reference numeral 64 denotes a decoder, 
65 denotes a selector, and 66 denotes a 16 words 
x 8 bits RAM. Each bit of the data of the RAM 66 
corresponds to each color. In the present example. 
to it is arranged such that D7 = white, D6 = yellow, 
D5 = purple, and D6 = black. Each address of the 
RAM 66 corresponds to one frame, and the data at 
the address represents ON/OFF information of the 
display data for each color in the frame. Setting of 
is the information in the RAM 66 is made by means 
of the address bus 2 and the data bus 3. The 
decoder 64 makes the decoded signal effective 
when the address on the address bus 2 indicates 
the address information in the RAM 66. Thereby, 
20 the selector 65 selects the address bus 2 so that 
the information on the data bus 3 is set up in the 
RAM 66. In contrast, when information is not set up 
in the RAM 66, the selector 65 selects the counter 
output line 62 so that information set in the RAM 
25 66 is read out. since, ate this time, the address in 
the RAM 66 is designated by the output of the 
hexadecimal counter 61 r the address is renewed 
for each frame. Hence, the established data at 
each of the addresses 0. 1, .... 15 is read out in 
30 succession from the RAM 66 for each frame. Since 
each bit of the established data is the ON/OFF 
information for displaying each color as described 
above, the same bits at 16 addresses constitute the 
gray scale pattern of 16 frame cycles. 
35 In this way, the output information of the RAM 

66 is supplied to the selected gray scale signal line 
34 as eight gray scale signals corresponding to the 
display color. In the present case, 16 frames con- 
stitute the gray .scale cycle and 17 kinds of gray 
40 scale signals can be generated. Since the data in 
the RAM 66 can be optionally altered, any desired 
gray scale can be assigned to each display color. 
Though the embodiment has been described 
above using a RAM, the same effects can be easily 
45 obtained using a ROM. Then, it is impossible to 
change the gray scale pattern by software, but the 
requirement can be met by exchanging the ROM 
having different contents. Further, as apparent from 
the above description, by increasing the number of 
so addresses in the RAM, the number of gray scales 
to be select therefrom can be increased, and by 
expanding the width of the data, gray scales for a 
larger number of colors than eight can be easily 
obtained. 

55 As understood from the foregoing description, 

use of storage devices in the present embodiment, 
though it increases the cost to a certain degree, 
makes it possible not only to freely select a gray 
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scale from prepared gray scale signals but also to 
control the gray scale pattern of the gray scale 
signal at will. Therefore, such an affect is obtained 
that it can support LCDs of a wide variety of 
characteristics. 

Now, an embodiment of the method to use the 
present invention concretely will be described. FIG. 
15 is an example of the method to use the present 
invention. When a user executes an application 
software (hereinafter to be briefly referred to as 
rt AP soft*) for color display to do a job, the cor- 
respondence between color and gray scale is es- 
tablished in advance. Namely, it is characteristic of 
this embodiment that it provides the user with the 
means to establish information of such a corre- 
spondence that the user considers suitable accord- 
ing to the coloring in the AP soft to be executed. 

Therefore, existing AP soft need no amend- 
ment and good color emulation of it can be at- 
tained. Because the number of AP soft is as great 
as hundreds or so in general, the man-hours that 
might be required for amending such AP soft for 
gray scale displaying may be huge, and in this 
sense, the present method brings about consider- 
able effect. 

The above described example was a method 
for use concerned with correspondence between 
colors and gray scales. Now, a method for use 
concerned with correspondence between charac- 
teristics of LCDs and gray scales. FIG. 16 shows 
an example of use concerned with some LCDs and 
corresponding gray scales. Before starting such a 
system as a personal computer, the user deter- 
mines the LCD that is connected and selects gray 
scale information adapted for the characteristic of 
the LCD. Namely, if it is the LCD of A Inc. make, 
the gray scale information suitable for it is selected 
and the color emulation is carried out using the 
information. In short, the point that neither hardware 
nor software of the system is affected by the 
characteristic of the LCD is a feature of this em- 
bodiment. 

Therefore, even when LCDs are advanced fur- 
ther accompanied by changes in their characteris- 
tics, it is not necessary to develop another system 
accordingly, so that effective product development 
can be achieved. 

According to the present invention, since the 
user can select the correspondence between the 
displayed colors and the gray scale information, 
the effect can be obtained, when executing applica- 
tion software intended for color displaying, that 
optimum color emulation with gray scale displaying 
can. be achieved. Further, since the present inven- 
tion can support a plurality of LCDs and the like 
which have different characteristics concerning 
duty ratios for displaying and luminance, utility of 
the display apparatus to general purposes can be 



enhanced and efficiency in the development of 
hardware can be improved. Besides, since the gray 
scale pattern of gray scale information can be set 
in a storage device, the gray scale information 

s faithfully meeting characteristics of the aforesaid 
LCDs or the like can be generated so that a display 
apparatus of high versatility can be provided. 

When a system with the present invention ap- 
plied thereto is considered as a whole, since color 

w displaying can be emulated with good gray scale 
displaying requiring no change in the application 
software, the man-hours that might be required for 
the change can be saved. Furthermore, since opti- 
mum gray scale information can be selected at a 

75 start of a system according to characteristics of the 
aforesaid LCDs or the like, it is enabled to obtain a 
display apparatus of high versatility, as such a 
system that neither its hardware nor its software is 
affected by characteristics of display devices such 

20 as LCDs. 



Claims 

2 5 1. in a display system capable of producing 

multiple colors by combining a plurality of colors, 
an apparatus for gray scale display comprising: 
display memories for storing display information 
including color information of said multiple colors; 

30 gray scale signal generating means for outputting 
gray scale signals for each of said plurality of 
colors; 

gray scale selecting means upon receipt of a plu- 
rality of the gray scale signals from said gray scale 
35 signal generating means for selecting one out of 
the gray scale signals for each color corresponding 
to each of color information of said multiple colors 
in the display information read out from said dis- 
play memories; and 
40 means for displaying the gray scale for each of 
color information of said multiple colors according 
to the display information read out from said dis- 
play memories. 

2. An apparatus for gray scale display compris- 
es ing: 

display memories for storing display information 
including color information of colors formed by 
combining a plurality of colors; 
gray scale signal generating means for generating 
so a plurality of gray scale signals for a predetermined 
color corresponding to the color represented by 
said color information; 

gray scale selecting means upon receipt of a plu- 
rality of gray scale signals from said gray scale 
55 signal generating means for selecting one out of 
said gray scale signals corresponding to each of 
the color information in the display information read 
out from said display memories; and 
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means for displaying the gray scale signal selected 
by said selecting means according to display in- 
formation read out from said display memories. 

3. The apparatus for gray scale display accord- 
ing to claim 2, wherein 

said gray scale signal generating means has 
means for generating gray scale signals whose 
number is larger than the number of colors repre- 
sented by said color information and said gray 
scale selecting means is capable of selecting any 
of the gray scale signals for each of said colors. 

4. In an apparatus for grayscale display in- 
cluding display memories for storing display in- 
formation including color information, and convert- 
ing the display information including color informa- 
tion read out from said display memories into mon- 
ochromatic gray scale information and displaying 
the gray scale information on display means, said 
apparatus for gray scale display comprising: 
storage means for storing information for turning 
ON/OFF said display means during each frame 
period within one cycle consisting of a plurality of 
frames, corresponding to each color represented 
by said color information, 

gray scale selectable generator for updating and 
reading contents of said storage means for each 
frame; and 

means for displaying responsive to display informa- 
tion read out from said display memories for se- 
lecting the corresponding output from said gray 
scale selectable generator and displaying the out- 
put on said display means. 

5. The apparatus for gray scale display accord- 
ing to claim 4, wherein the cycle during which said 
ON/OFF information generating the gray scale sig- 
nal is stored is constituted of successive plural 
frames. 

6. The apparatus for gray scale display accord- 
ing to claim 4, wherein said storage means in- 
cludes means for changing the contents of said 
storage means by means of software. 

7. The apparatus for gray scale display accord- 
ing to claim 4. wherein said display means is 
capable of displaying gray scales whose number is 
smaller than the number of colors represented by 
said color information. 

8. The apparatus for gray scale display accord- 
ing to claim 7, wherein said display means is a 
plasma display unit. 

9. The apparatus for gray scale display accord- 
ing to claim 5, wherein said display means is a 
plasma display unit. 

10. In a display system capable of producing 
multiple colors by combining a plurality of colors, a 
method for gray scale display comprising: 

the step of storing display information including 

color information of said multiple colors; 

the step of generating gray scale signal for output- 



ting gray scale signals for each of said plurality of 
colors; 

the step of selecting gray scale signal upon receipt 
of a plurality of the gray scale signals generated in 
5 said gray scale signal generating step for selecting 
one out of the gray scale signals for each color 
corresponding to each of color information of said 
multiple colors in said stored display information; 
and 

jo the step of displaying the gray scale for each of 
information of said multiple colors according to said 
stored display information. 

11. A method for gray scale display compris- 
ing: 

75 the step of storing display information including 
color information of colors formed by combining a 
plurality of colors; 

the step of generating gray scale signal for gen- 
erating a plurality of gray scale signals for a pre- 

20 determined color corresponding to the color repre- 
sented by said color information; 
the step of selecting grayscale signal upon receipt 
of a plurality of gray scale signals generated in 
said gray scale signal generating step for selecting 

25 one out of said gray scale signals corresponding to 
each of the color information in said stored display 
information; and 

the step of displaying said selected gray scale 
signal according to said stored display information. 
30 12. The method for gray scale display accord- 

ing to claim 1 1 , wherein 

said gray scale signal generating step has the step 
for generating gray scale signals whose number is 
larger than the number of colors represented by 

35 said color information and said gray scale selecting 
step is capable of selecting any of the gray scale 
signals for each of said colors. 

13. In a method for gray scale display includ- 
ing the step of storing display information including 

40 color information and the step of converting said 
stored display information including color informa- 
tion into monochromatic gray scale information and 
displaying the gray scale information on display 
means, said method for gray scale display com- 

^5 prising: 

the step of storing for storing information for turn- 
ing ON/OFF said display means during each frame 
period within one cycle consisting of a plurality of 
frames, corresponding to each color represented 
50 by said color information, 

the step of gray scale selectable generation for 
updating and reading said stored contents for each 
frame; and 

the step of displaying, responsive to said stored 
55 display information, for selecting the output cor- 
responding to said gray scale and displaying the 
output on said display means. 
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14. The method for gray scale display accord- 
ing to claim 13. wherein the cycle during which 
said ON/OFF informat'on generating the gray scale 
signal is stored is constituted of successive plural 
frames. , 5 

15. The method for gray scale display accord- 
ing to claim 13, wherein said storing step includes 
the step of changing said stored contents by 
means of a program. 

16. The method for gray scale display accord- to 
ing to claim 13, wherein said display means is 
capable of displaying gray scales whose number is 
smaller than the number of colors represented by 

said color information. 

17. The method for gray scale display accord- ?s 
ing to claim 16; wherein said display means is a 
plasma display unit. 

18. The method for gray scale display accord- 
ing to claim 14 t wherein said display means is a 
plasma display unit. 20 
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